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Objective:We report 5 patients in whom a symptomatic perigraft seroma developed within the aortic sac, without vascular
endoleak, after open repair of an abdominal aortic aneurysm (AAA) with a polytetrafluoroethylene (PTFE) graft. We also
discuss possible relationships of this phenomenon to endovascular repair of AAAs.
Patients and methods:Over 18 years, 1156 patients underwent repair of an AAA by one of the authors (B.M.B.). Of these,
1084 underwent open repair, 256 with PTFE grafts. Five patients in the PTFE group (2.3%) returned at a mean of 4.5
years with acute abdominal or back pain and enlargement of the aortic sac. Mean diameter of the aneurysms was 5.9 cm
preoperatively and 8.1 cm at readmission. There was no evidence of vascular endoleak on computed tomography scans,
but 1 patient had a retroperitoneal hematoma.
Results: Laparotomy in 4 patients disclosed a seroma containing firm rubbery gelatinous material under tension,
histologically identified as amorphous eosinophilic material containing thrombus and degenerate blood cells in all cases.
Rupture of the sac was confirmed in the patient with a retroperitoneal hematoma. The sac contents were evacuated and
the integrity of the underlying grafts and anastomoses was confirmed before sac reduction, with imbricating sutures, and
closure was performed. One patient died at 8 months of an unrelated cause; the other 3 patients remain well at mean
follow- up of 12 months. The fifth patient received conservative treatment and remains asymptomatic 3 years after acute
presentation.
Conclusions: These findings of sac enlargement without vascular endoleak after open AAA repair are reminiscent of sac
enlargement in the absence of endoleak after endovascular AAA repair. This has been referred to as endotension. The
comparatively benign outcome in 5 patients with symptomatic sac enlargement, including 2 patients with rupture, after
open AAA repair provides data to support a circumspect approach to endotension, especially in patients with asymptom-
atic disease, which has been reported as occurring in almost half of patients who received a PTFE Excluder endograft.
(J Vasc Surg 2004;40:1089-94.)Sac enlargement after open repair of abdominal aor-
tic aneurysm (AAA) in the absence of infection is rare.1,2
Those cases that have been reported occurred 1 and 4
years after open repair of AAA with bifurcated polytetra-
fluoroethylene (PTFE) prostheses.1,2 We present an-
other 5 case reports of sac enlargement occurring at a
mean of 4.5 years after open repair with Gore-tex PTFE
prostheses (W. L. Gore & Associates). No communica-
tion between the aneurysm sac and the arterial blood
flow was found in either the 2 previous case reports1,2 or
the 5 cases presented here.
The finding of sac enlargement without vascular en-
doleak after open AAA repair is reminiscent of sac enlarge-
ment in the absence of endoleak after endovascular AAA
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doi:10.1016/j.jvs.2004.08.057repair. This occurrence has been referred to as endoten-
sion.3,4 There have been anecdotal reports of endotension
previously, but a recent report of endotension occurring in
almost half of patients who received a PTFE Excluder
endograft (W. L. Gore & Associates) has caused con-
cern.5,6 We believe that the findings from the current study
may help shed light on the cause and management of
endotension after endovascular repair with PTFE en-
dografts.
MATERIAL AND METHODS
Between February 1986 and June 2004, 1156 patients
underwent repair of AAAs by one of the authors (B.M.B.)
Of these, 1084 underwent open repair, 256 with PTFE
grafts implanted between August 1994 and April 2000. Of
the 256 patients, 5 (2.3%) were readmitted with symptom-
atic enlarging aortic sacs. There were no other cases of
enlarging aortic sacs after open repair either in the period
before August 1994 or after April 2000. Of the 256 PTFE
grafts, main body diameters were as follows: 10 mm, n 1;
12 mm, n 9; 14 mm, n 91; 16 mm, n 92; 18 mm, n
 37; 20 mm, n  19; 22 mm, n  2; and 24 mm, n  5.
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circular measuring devices placed around the aortic neck.
The group of patients with enlarging sacs comprised 4 men
and 1 woman, with mean age 67.4 years (range, 60-75
years). Mean time between AAA repair and presentation
with symptoms was 4.5 years (range, 2.7-6 years). Mean
preoperative diameter of the aneurysms was 5.9 cm (range,
5-7 cm), whereas mean diameter of the aneurysms at pre-
sentation with symptoms was 8.1 cm (range, 7.3-9 cm).
Clinical features, sac enlargement, and outcome in these 5
patients are summarized in the Table.
Follow-up. The 5 patients in this study were seen by
the operating surgeon (B.M.B.) 1 month after open repair
before being returned to their referring physician for
follow-up. After readmission and treatment of acute symp-
tomatic sac enlargement, all 5 patients have been and
continue to be followed up regularly at 6-month to 12-
month intervals by the operating surgeon.
CASE REPORTS
Case 1. A 60-year-old man with a history of abdominal
surgery, as well as ischemic heart disease, hypertension, atrial
Summary of clinical presentation, sac enlargement, and ou
Case/sex/
age (y)
Clinical
presentation
AAA repair
to
presentation
(y)
AAA diameter (cm)
Pre-operative
At
presentat
1/M/60 Pain in right
iliac fossa
5 4.3
5.3 (right
common
iliac)
7.5
Pain in right
iliac fossa
6 4.3
5.3 (right
common
iliac)
7.5
2/F/75 Severe back
pain
2.7 6 8.0
3/M/61 Severe
abdominal
pain
radiating
to back
and
scrotum
5 7 9
4/M/73 Severe back
pain
radiating
to right
iliac fossa
4 5 7.3
5/M/68 Severe pain
from right
loin to
groin
5 6 8.8 (retro
periton
hematofibrillation, and chronic obstructive airway disease underwent openrepair of an aortoiliac aneurysm (4.3-cm abdominal aortic aneu-
rysm and 5.3-cm right common iliac aneurysm) with a 14 7-mm
PTFE graft. The postoperative course was uneventful. However, 5
years later he returned with right iliac fossa pain. Computed
tomography (CT) angiograms demonstrated a 7.5-cm sac sur-
rounding the right limb of the graft, with no evidence of anasto-
motic or other leak. Conservative treatment was administered, and
the pain resolved. After 1 year the pain recurred, and open explo-
ration was performed. When the sac was opened, a large amount of
rubbery, gelatinous, semisolid material and a little straw-colored
fluid was released under tension, and evacuated. There was no
evidence of arterial leak from the anastomoses or from the graft.
The dead space around the limb was reduced with imbricating
sutures. No organisms were grown on culture. The patient has
remained asymptomatic for 2 years.
Case 2. A 75-year-old woman with a history of chronic
obstructive airway disease and chronic lymphocytic leukemia un-
derwent uneventful open repair of a 6-cm AAA with a 14 7-mm
bifurcated PTFE graft. Two years 8 months later she was admitted
on a nocturnal emergency basis with severe back pain. CT scans
revealed a patent graft, but an 8-cm diameter aortic sac. At emer-
gency laparotomy the sac contained a large amount of semisolid,
e
Treatment
Sac contents Follow-
up (all
by
B.M.B.)
Under
tension Appearance Culture
Observation — — —
Open exploration,
sac evacuation
and reduction
Yes Rubbery,
gelatinous,
semisolid
Negative 2 y
Open exploration,
sac evacuation
and reduction
Yes Rubbery,
gelatinous,
semisolid
Negative 2 mo
(died
at 8
mo)
Open exploration,
sac evacuation
and reduction
Yes Rubbery,
gelatinous,
semisolid
Negative 1 mo
Conservative — — — 3 y
Open exploration,
sac evacuation
and reduction
Yes Ruptured
sac;
rubbery,
gelatinous,
semisolid;
bleeding
from
posterior
tear in sac
Specimen
misplaced;
no clinical
infection
at 12 mo
1 ytcom
ion
-
eal
ma)rubbery, gelatinous material and a small amount of straw-colored
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reduced with imbricating sutures. Culture of the contents was
negative. The patient was symptom-free when followed up at
2 months, but died of pulmonary complications of leukemia
6 months later.
Case 3. A 61-year-old man with a history of chronic ob-
structive airway disease and chronic back pain underwent un-
complicated open repair of a 7-cm AAA with a 16  8-mm
PTFE graft, with reimplantation of the left renal artery. Five
years later he returned with severe abdominal pain radiating
through to the back and the scrotum. This had followed ma-
neuvers by a chiropractor for treatment of the chronic back pain.
CT scans revealed a 9-cm diameter sac around the graft (Fig 1).
The pain persisted over the next 48 hours. At laparotomy a large
amount of semisolid, rubbery, gelatinous material and a small
amount of straw-colored fluid under tension was released from
the sac, which was fully evacuated (Fig 2). The sac was closed
with imbricating sutures. Culture of the contents was negative.
The patient was symptom-free at 1-month follow-up (May
2004), and is due for further follow-up in November 2004.
Case 4. A 73-year-old man with a history of diverticular
disease, paroxysmal atrial fibrillation, ischemic heart disease, pul-
monary embolism, and chronic obstructive airway disease under-
went uneventful open repair of a 5-cm AAA with a 14  7-mm
bifurcated PTFE graft. Four years later he returned with severe
back pain radiating to the right iliac fossa. CT scans demonstrated
a 7.3-cm diameter aneurysmal sac. Catheter angiography with
multiple views failed to reveal any evidence of an anastomotic or
other leak. Treatment was conservative, the pain gradually re-
solved, and the patient was symptom-free at 3-year follow-up (July
2004).
The patient returned with abdominal pain in August 2004, 2
months after a regular follow-up consultation and just 3 years after
the original presentation, at which time no intervention was per-
formed. Contrast material–enhanced CT scans revealed that the
Fig 1. Case 3. Five years after open AAA repair, contrast-en-
hanced computed tomography scan demonstrates a sac 9 cm in
diameter surrounding graft limbs.aneurysm sac had increased in diameter from 7.3 cm in 2001 to10.5 cm in 2004 (Fig 3). In addition, they demonstrated a circular
contiguous mass 2 cm in diameter, of similar density as the sac
contents, which was not present previously. This was considered to
have resulted from rupture of the sac, with escape of the contents.
Inasmuch as the patient was now 80 years of age, the symptoms
were not severe, and the contribution of arthritic changes in the
spine to the pain was uncertain, conservative treatment was admin-
istered. At follow-up after 2 weeks the patient was comfortable, but
still had some musculoskeletal back pain with certain movements.
He has been returned to the care of his local physician, and is
scheduled for follow-up in 2 months (October 2004) with repeat
contrast-enhanced CT. No intervention is planned in this patient.
Case 5. A 68-year-old man with a history of chronic renal
failure secondary to reflux nephropathy (serum creatinine concen-
tration, 2.3 g/dL), recurrent urinary tract infections, staghorn
calculi, and hypertension underwent uneventful repair of a 6-cm
AAA with a 14 7-mm bifurcated PTFE graft. Five years after the
initial aortic repair he returned with severe pain from the right loin
to the groin. CT scans demonstrated a retroperitoneal hematoma,
consistent with a leak from the aortic sac, which measured 8.8 cm
in diameter (Fig 4). At operation a large amount of semisolid
rubbery gelatinous material and a small amount of straw-colored
fluid under tension was released from the sac (Fig 5). A large
posterior tear was present in the sac, through which the operating
surgeon could pass his forefinger from inside to outside (Fig 6).
This tear had bled at the edges, as evidenced by visible fresh
thrombus adherent to these edges and lying outside on the psoas
muscle, causing the CT appearance of a hematoma associated with
the sac. There was no bleeding from the aortic graft or from the
anastomoses. The sac was treated with imbricating sutures. The
contents were cultured, but the specimen was misplaced; his-
topathologic analysis, however, was performed. The patient was
asymptomatic at 12-month follow-up (July 2004), with a normal-
appearing CT scan and no evidence of recurrent sac enlargement or
Fig 2. Case 3. Operative photograph shows sac being held open
with self-retaining retractor after evacuation of seroma. Note white
gelatinous material that remains firmly adherent to bifurcation
region of underlying graft (arrow).infection.
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of the sacs, and was similar in all 4 patients. Macroscopically the
color was described as pale to pink, and the consistency as gelati-
nous or rubbery. At microscopic examination the specimens con-
sisted of amorphous foamy eosinophilic material containing calci-
fied bodies, thrombus, and a few degenerate blood cells.
DISCUSSION
It seems that the most likely cause of sac enlargement in
these cases was trans-graft passage of fluid from the aortic
lumen to the sac. We have seen this on a number of
occasions previously when a large seroma developed
around a PTFE graft used for access to the circulation7
(Fig 7). This, however, is supposition, and other etiologic
factors need to be considered. Williams1 described massive
B
A
Fig 3. Case 4. A, Contrast-enhanced computed tomography
scan at original presentation with abdominal pain (2001), 4 years
after open abdominal aortic aneurysm repair, demonstrates en-
largement of aneurysm sac, from 5-cm diameter before open repair
to 7.3-cm diameter in 2001. B, Contrast-enhanced computed
tomography scan at unscheduled presentation in August 2004
demonstrates further increase in sac diameter, to 10.5 cm, and
presumed rupture of contents into left retroperitoneal tissues.ultrafiltration distending the aneurysm sac after AAA repairwith a bifurcated PTFE graft. He described the sac as
containing straw-colored slightly turbid fluid, but not the
gelatinous material that we have described.1 Risberg et al2
described 1 case of aortic sac expansion after open AAA
repair and 3 cases after endovascular repair. The sac con-
tents in the patient who had undergone previous open
repair was described as clear and highly viscous. They
believed that local hyperfibrinolysis was the most likely
cause of sac expansion, based on assays of coagulation and
fibrinolytic factors in plasma and aneurysm sac fluid. Al-
though the reason for local fibrinolysis in the sac was not
obvious, they hypothesized that it may cause intermittent
leakage through previously sealed thrombi in the graft
fabric. This cycle of repetitive bleeding, coagulation, and
liquefaction, they thought, could explain continued sac
growth. This explanation seems less likely in our patients
because most of the sac was occupied by firm, rubbery,
gelatinous material, which was also adherent to the graft
surface and was not sufficiently fluid to aspirate through a
needle (Fig 5). Despite negative bacterial cultures of sac
fluid and absence of clinical and radiologic evidence of
Fig 4. Case 5. Five years after open repair of abdominal aortic
aneurysm non-contrast-enhanced computed tomography scan (A)
and contrast-enhanced computed tomography scan (B) demon-
strate retroperitoneal hematoma (arrow), associated with aortic sac
8.8 cm in diameter.infection, it is difficult to rule out with absolute certainty
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ity of PTFE becoming “wettable” through inadvertent
exposure to alcohol, povidone-iodine (Betadine), or tissue
fluid is difficult to exclude. Prosthetic graft failure due to
fibroblast inhibition has also been reported.8
There are some features of this study that require
further comment. The 5 aneurysms whose sacs enlarged
over time had all been repaired previously with PTFE
grafts. All patients had symptoms, with severe pain but
without the features of acute blood loss. All 5 patients were
found to be free of any communication between the enlarg-
ing sac and the arterial blood flow. This was established at
laparotomy and open exploration of the sac in 4 patients
and directed catheter aortography in the fifth patient. The
semisolid, rubbery, gelatinous contents of the sac were
Fig 5. Case 5. Operative photograph shows semisolid gelatinous
contents after evacuation from aortic sac.
Fig 6. Case 5. Operative photograph demonstrates opened sac
after evacuation of contents shown in Fig 5. Sucker head (arrow) is
sitting in a tear in sac wall.similar in the 4 patients in whom the sac was explored atopen operation. To our knowledge, the current study is the
largest single-center experience of sac enlargement and
open inspection of aneurysmal sac contents after open AAA
repair. It also includes the first reported case of sac expan-
sion due to seroma, leading to rupture of the aneurysm sac,
after open AAA repair.
The limitations of this study must be acknowledged.
Intrasac pressure measurements were not made in the 4
patients who underwent open exploration. It was clear in
each case, however, on opening the sac, that the rubbery
gelatinous material was under pressure as it escaped
through the incision. No biochemical analysis was made of
the sac contents. In a retrospective study problems may
arise related to patient follow-up. At the beginning of this
series (February 1986) patients were routinely followed up
at 1 month, then at 6-month to 12-month intervals for 2 to
3 years before discharge back to the general practitioner.
Imaging studies were only performed if clinically indicated.
However, because the pickup rate of clinically relevant
disease was essentially zero, the operating surgeon
(B.M.B.) altered follow-up policy in the early 1990s so that
after 1 month patients were returned to the care of the
general practitioners, with whom he has a close liaison and
who were instructed to refer the patients if any clinical
problems arose. Between August 1994 and April 2000 a
change was made from use of Dacron grafts to PTFE grafts,
but the latter follow-up policy was not altered. Because the
operating surgeon was the only vascular surgeon serving
this relatively isolated referral region until mid-1995, and
because from 1995 an associate vascular surgeon was ap-
pointed who directed any old patients back to the operating
surgeon, and because the population of the region is elderly
and largely not itinerant, it is likely that all patients requir-
ing vascular review would have been referred back to the
operating surgeon. Even if a patient had left the region, it is
common practice in Australia for the original surgeon to be
Fig 7. Photograph of seroma extending along length of Gore-
tex polytetrafluoroethylene graft in thigh, used for access to
circulation.notified of any problems. Except for the patient who died of
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continue to be followed up by the operating surgeon at
6-month to 12-month intervals. The incidence of symp-
tomatic aortic sac enlargement after open repair with PTFE
grafts of 5 of 256 (2.3%) and rupture of 2 of 256 (0.4%) is
therefore likely to be reasonably accurate. The incidence of
asymptomatic sac enlargement, however, is not known, but
prompted by these findings is now the subject of a second,
ongoing study by the authors.
Some surgeons may query why percutaneous aspiration
was not used in these patients, as has been recommended
with enlarging sacs after endovascular repair. The operating
surgeon did not consider this in these open repair cases
because of fear of possible impending sac rupture associated
with an undiagnosed communication between the sac and
the arterial blood flow. It should also be noted that subse-
quent sac exploration revealed that 80% to 90% of the
contents were rubbery and gelatinous and definitely could
not have been aspirated through a needle (Fig 5). Although
we cannot definitely state that the pain that eventually
resolved without surgery in Case 4 was due to sac enlarge-
ment, no other cause could be found.
This experience may be relevant to endovascular AAA
repair, in which Cho et al5 reported a probability of free-
dom from sac growth or reexpansion at 4 years of 43% with
the Excluder device. It is possible that the mechanism of sac
enlargement in the PTFE grafts used for open repair in this
study and the Excluder endografts implanted by Cho et al5
is related to the porosity of the graft material. The time
from AAA repair to readmission with sac enlargement was
similar in both groups. No communication could be dem-
onstrated between the sac and the arterial blood flow in the
open repair cases, nor could any type 1 or type 3 endoleak
be demonstrated in the endovascular cases. In several con-
versions of Excluder endografts to open repair in the
United States and Europe, the presence of highly viscous
fluid or gel has been noted in the sac.5 This appearance and
consistency is similar to the sac contents observed in the
present study. Indeed, the lower incidence of sac shrinkage
observed with Excluder endografts compared with other
endografts9-11 may be part of a continuum that progresses
to sac enlargement compared with baseline diameter mea-
surement. There was, however, a difference in PTFE in the
2 graft types. Review of the lot numbers of PTFE grafts
implanted in patients in the present study revealed that
these were thin-walled and differed in porosity compared
with PTFE used in the manufacture of Excluder en-
dografts.
The demonstration that sac enlargement and even rup-
ture due to seroma formation after open AAA repair are
relatively benign events provides some data to support a
more circumspect approach to the large number of patients
with Excluder implants who may be facing this problem,especially patients without symptoms. In retrospect, the
patient with the ruptured sac could have been treated
conservatively, and in the future we will be less likely to
subject similar patients to open exploration. Some qualifi-
cations, however, need to be included. First, the aspiration
of straw-colored fluid in itself is insufficient grounds for
embarking on a conservative approach to sac enlargement
after either open or endovascular repair. Such fluid may be
aspirated in the presence of an underlying and unsuspected
endoleak. An endoleak between the arterial blood flow and
the sac therefore needs to be excluded by planned and
directed imaging. Second, it must be acknowledged that
there is a difference between a graft firmly fixed with sutures
at open surgery and a graft fixed with endovascular means.
Although the weakened wall of the aneurysm sac would be
more likely to expand than the comparatively healthy arte-
rial tissue in the proximal and distal anchor zones, after
endovascular repair regular follow-up with CT would be
mandatory to confirm that the seroma had not extended
into the anchor zones, thus separating the aortic wall from
the underlying endograft and compromising fixation over
time.
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